amination from the inception of its use, and we present our experience with frozen section examination of SN, confirming that this technique is both practical and highly accurate.
Materials & Methods:
Between 2000 and 2007, 236 SLNB procedures were performed that were read as "frozen section negative." SN were identified by 1% lymphazurin blue dye only. The identification of SN in these 236 women was 100%. Each SN specimen was prosected by the senior author; a dedicated surgical pathology technician prepared the frozen sections. Nodes were dissected from the specimen individually and cut at 2.5 to 3.0 mm. intervals. Each of these sections was then cut at three levels. The frozen sections were read by the attending pathologist assigned to frozen sections for that day, not by a Page 2 of 14 dedicated breast pathologist. During the period of the study, 14 different attending pathologists read the slides, with 6 pathologists each reading more than 20 cases. Others read from 1 to14 cases.
Results:
In this group of 236 cases, 11 patients had positive nodes on subsequent examination of the H&E slides; thus, the false negative rate of intraoperative frozen section was 4.7%, i.e., the frozen section was read as negative but the paraffin sections were positive for metastasis. Therefore, the sensitivity of the negative frozen section was >95%.
Nine of the 11 false positives were micrometastases, less than 2 mm diameter, one was considered a macrometastasis, with two areas in one node measuring 2.0 and 2.1 mm each, and one was a sub-micrometastasis. The following variables were compared for significance: Pathologist, nuclear grade, histologic grade, margins, lymphovascular invasion, tumor type (ductal vs lobular), ER & PR values. The only significant variables were lymphovascular invasion (p=.019) and presence of in situ ductal carcinoma (p=.001). Only one of the false negatives was a purely lobular carcinoma (1/11).
Discussion:
Our data confirm the high accuracy of intraoperative examination of SN, >95%, even without a dedicated breast pathologist reviewing the sections. The missed metastases are likely to be micrometastases, and the likelihood of missing a macrometastasis is <1%. In patients with large primary tumors, presence of in situ ductal carcinoma or if lymphovascular invasion is associated with the tumor, special care should be taken to review these cases more thoroughly since these characteristics of tumors seem to make them more likely than others to have micrometastases to the axillary nodes overlooked.
Introduction
Axillary sentinel lymph node biopsy (SLNB) has become the standard of care for T1-2, N-0, M-0 carcinoma of the breast. 1 A vexing question that remains controversial is the value of the intraoperative examination of sentinel nodes (SN) by frozen section. Frozen examination of SN has been reported to miss up to 40% of metastasis later confirmed by examination of the permanent sections by hematoxylin and eosin staining.
, 5 If not performed or if inaccurately performed, the patient has been traditionally committed to a second procedure, i.e., completion axillary dissection of levels I and II if the node(s) examined prove to harbor metastasis. A second procedure increases the costs of care significantly, may be accompanied by additional morbidity since a second operation is required, and has a negative emotional impact on the patient.
The purpose of this study was to determine the negative predictive value of frozen section performed during the intraoperative examination of sentinel nodes in breast cancer patients. In this context, a "false-negative" SLNB implies the finding of metastasis in the formalin-fixed, hematoxylin and eosin (H&E) stained sentinel nodes after a negative intraoperative frozen section examination. The "negative predictive value" is defined as the number of true negatives divided by the number of false negatives plus the true negatives. Immunohistochemical positivity (cytokeratin staining) only without H&E positivity, even on additional slide review, was not considered a false negative. Additionally, another aim of this study was to identify characteristics of the primary lesion that might indicate patients who are at a higher risk for a false-negative SLNB.
Patients and Methods
Patients with carcinoma of the breast who underwent sentinel lymph node biopsy at The procedure was executed similarly in each patient. Sentinel nodes were identified by the injection of 3-4 mL of 1% isosulfan blue dye into the breast in an intradermal and peritumoral fashion, with one ML always being delivered intradermally and the remainder injected into the breast parenchyma between the tumor site and the lower part of the hair-bearing area of the axilla. The breast was then massaged for four minutes.
Longer massage times, up to seven minutes, were used if the patient was obese with very pendulous breasts or the tumor site was far from the intended incision site.
Radioactive tracer was not used in any of these cases. Early in the senior surgeon's experience with SLNB, the experience with blue dye was so positive that radioisotope was abandoned in favor of blue dye only. Our experience with blue dye only has continued to be excellent and the time from incision to retrieval of blue-stained nodes so short that we have continued to use blue dye only, Parenthetically, when isosulfan blue was in short supply, we temporarily used methylene blue dye, but returned to isosulfan blue when the latter again became readily available.
The axillary incision was made in the lower third of the hair-bearing region of the axilla, in the skin lines, behind the edge of the pectoralis muscle and ending in front of the latissimus dorsi muscle. Incision length varied from 2.0 cm up to 5.0 cm in length depending upon patient size. One or more blue stained lymphatics leading to the SN could often be identified coming from the breast side of the skin flap, and these could be followed to the SN. If the lymphatics could not be seen superficially, once the first layer of axillary fascia was divided, the blue stained node package could be identified more deeply located. The blue stained package of nodes was excised and sent to pathology Page 5 of 14 for frozen section examination. Any adjacent non-blue stained nodes that were firm enough to be considered suspicious were also removed. The usual time between incision and excision of the node package was 6-10 minutes.
The senior surgeon (GFS) prosected these node packages personally with the surgical pathology staff in each case, to identify, orient and cut the nodes for frozen section analysis. Each node was oriented along it longitudinal axis, and cut at about 2-3 mm intervals, trying to keep the capsule of each node oriented at the edge of each section. Each of these specimens was then cut at three levels for frozen section examination using hematoxylin and eosin staining. One of two especially trained histology technicians prepared all of the frozen sections. After the frozen sections were performed, the remaining tissue was fixed in formalin and embedded in paraffin; each of these paraffin blocks was cut at three levels, occasionally more, and stained with hematoxylin and eosin for microscopic examination. Immunohistochemical staining with cytokeratin was also employed after fixation, but the results of the cytokeratin staining were not used to influence any therapeutic decisions.
Artifacts can occur in cytokeratin staining that may be mistaken for metastasis, so that sentinel nodes that were positive for cytokeratin only were not considered false negative The ages of the patients ranged from 34 to 83 years with a median of 59 years. There was no age difference between the true negatives and false negatives (p-value = 0.69).
There was also no difference in accuracy by the date of surgery, i.e., in the first three years of this study vs the second three years (p-value = 0.84). were also reviewed but were not significant. The only significant variables were the presence of lymphovascular invasion and presence of in situ ductal carcinoma (DCIS)(p=.019 and p=.001, respectively). The former is not unexpected, since lymphovascular invasion at the tumor site is considered indicative of the lesion's propensity to metastasize to the lymph nodes. We have no explanation for the significance of DCIS in the primary tumor. Since the slides of the primary tumors were not rereviewed, and the only criterion for DCIS was the pathologists' descriptions of the findings, we do not know the extent of the DCIS in each of these cases.
Only one of the false negatives was a purely lobular carcinoma despite the acknowledged difficulty of seeing these small cells on frozen section slides. Tumor type and other characteristics were not significant, but with only 11 false negatives altogether, there would be a lack of power to see all but very large associations.
The time to perform the frozen section examination ranged between 20 and 30 minutes.
While the frozen sections were being prepared and read, the operating team closed the axillary wound, usually completing this part of the procedure a few minutes before the frozen section examination was complete. In the patients with positive nodes, the wound was reopened and a completion dissection of levels I and II was performed. For those with frozen section negative nodes, the procedure was concluded, the wound was dressed and the patient awakened.
Procedures were all performed as out-patient stays, even when the frozen sections detected metastasis and completion axillary dissection performed. The wounds were not drained if SN were negative, but if a completion dissection was performed, a single 15
French suction catheter was placed through a stab wound in the lower skin flap into the wound along the edge of the latissimus dorsi muscle and connected to a silicone bulb Page 8 of 14 (Jackson-Pratt®) reservoir. The drain was removed when the drainage was <30 mL/24
hrs.
The final results of the review of the permanent sections were discussed with each patient once the final report had been received. In the 11 patients with the "false negative"
results, none underwent subsequent completion dissection of the axilla, and none has (yet) developed axillary metastasis. (Parenthetically, the senior author has all but abandoned completion axillary dissection for patients with micrometastases.)
Discussion
Over the last decade the technique of SLNB has been continually refined. The likelihood of a false-negative biopsy is expected to be than 5%, however false negative is defined. When the final definitive pathology review of the formalin fixed tissue documents sentinel node involvement by tumor, this is not a failure of the technique but a limit of intraoperative frozen section.
7
, 8 The missed metastases are likely to be micrometastases, and the likelihood of missing a macrometastasis is <1%.
Within the past year, two reports, both from the same institution, have deprecated the value of the intraoperative examination of SN, citing their lack of accuracy of frozen section in identifying axillary metastasis in many patients. To identify patients at high risk for having false negative frozen sections certain primary tumor characteristics should be considered. In patients with lymphovascular invasion, Page 9 of 14 special care should be taken when reviewing these cases since this characteristic is more likely than others to be accompanied by metastases to the axillary nodes that may be overlooked during intraoperative frozen section examination. When the initial diagnosis is made by core biopsy, then followed by local excision of the primary tumor and SLNB concurrently, this tumor characteristic may be overlooked until the slides of the entire tumor are reviewed. When, however, the core biopsy does identify lymphovascular invasion adjacent to the tumor, additional attention may be paid to the frozen sections. Although an unexplained but significant finding, we suggest that large tumors accompanied by enough DCIS to warrant a comment by the pathologist should be considered also "at risk," for uncertain reasons. Why we have achieved this very high degree of accuracy of intraoperative frozen section examinations of SN compared to other reported series is not readily apparent. The only variables that we did control compared with reports from other institutions were the surgeon personally prosecting the SN specimen, separating the nodes from one another, defatting and orienting each node before cutting it into sections, and the dedicated histology technicians preparing and staining the frozen section slides. No innovative or special techniques were employed to prepare the slides for examination. Care was taken to try to orient the node specimens so that areas beneath the node capsule were easily seen in the microscopic fields of the frozen sections.
Frozen section may still fail to detect micrometastases, especially with large tumors, those with accompanying lymphovascular invasion, or those with abundant areas of DCIS associated with the tumor. Although it is unreasonable to expect to eliminate false negative frozen sections altogether, particularly in these mentioned situations, our experience validates the use of intraoperative frozen section examination as an accom
Page 11 of 14 paniment to SLNB. Our failure to detect metastasis in sentinel nodes was less than 5%, and virtually all of these were micrometastases. For the patients with positive SN who are to undergo completion axillary dissection, it is obviously preferable if that procedure can be performed immediately rather than forcing the patient to return for a second operation. In our own institution, this has not created a scheduling problem in the operating room. We have had enough flexibility in the schedule to allow enough time between cases to permit a completion dissection, when necessary, without creating rebellion or confusion among the surgical and nursing staffs.
Whether the presence of a micrometastasis in a sentinel node justifies completion axillary dissection is another question beyond the scope of this paper, although we believe that it does not. Therefore, at least in our hands and at our institution, intraoperative examination of sentinel nodes by frozen section has avoided a second procedure in all of our patients. Those with documented frozen section positive macrometastases have undergone completion axillary dissection following the sentinel node biopsy, under the same anesthetic, obviating a second procedure. We have accomplished our aim, achieving a high rate of accuracy by frozen section examination and avoiding an additional procedure. We believe that this should be the goal of each surgeon who performs SLNB for carcinoma of the breast. 
